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ABSTRACT
Standard power-behaved contributions in QCD arising from non-perturbative
eects at low scale can be described, as shown by Dokshitzer, Marchesini and
Webber, with the notion of an infrared regular eective coupling. In their ap-
proach, a non-perturbative contribution to the coupling, essentially restricted
to low scales, parametrizes the non-perturbative power corrections. I argue
that their framework naturally allows for another type of power contributions,
arising from short distances (hence unrelated to renormalons and the operator
product expansion) which appear in the process of removing the Landau singu-
larity present in perturbation theory. A natural denition of an infrared nite
perturbative coupling is suggested within the dispersive method. Implications
for the tau hadronic width, where O(1=Q2) contributions can be generated, are
pointed out.
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The study of power corrections in QCD has been the subject of active inves-
tigations in recent years. Their importance for a precise determination of s has
been recognized, and various techniques (renormalons, nite gluon mass, dispersive
approach) have been devised to deal with situations where the standard operator
product expansion (OPE) does not apply. In this talk (which is a summary of1)) , I
focuss on the dispersive approach2), based on the notion of an infrared (IR) regular3)
QCD coupling, where a non-perturbative contribution to the coupling, essentially re-
stricted to low scales, parametrizes the power corrections. I point out that within
this framework, it is very natural to expect the existence of new type of power con-
tributions of ultraviolet (UV) origin, hence not controlled by the OPE, related to the
removal of the IR Landau singularity presumably present in the perturbative part of
the coupling.
Consider the contribution to an Euclidean (quark dominated) observable aris-
ing from dressed single gluon virtual exchange, which takes the generic form (after













The \physical" coupling s(k
2) is assumed to be IR regular, and thus must dier
from the perturbative coupling PTs (k
2) by a \power correction" piece s(k
2). To
determine the various types of power contributions, it is appropriate to disentangle



































The rst integral on the right hand side of eq.(2) may be identied to the Borel
sum DPT (Q
2) of perturbation theory. The second integral gives \long distance "
power corrections which correspond to the standard OPE \condensates"4). If the





is O ((k2=Q2)n) at small k2, this piece contributes
anO ((2=Q2)n) correction from a dimension n condensate. The last integral in eq.(2)
yields at large Q2 new power contributions of short distance origin , unrelated to the
OPE. If the short distance power corrections are neglected3) (i.e. if one assumes that
s(k
2) is suciently small at large k2), one recovers the standard view5) that the
rst correction to the Borel sum is given by the OPE. To determine whether this is
the case, one needs a closer look at s(k
2). One may dene:
s(k
2) = PTs (k
2) + NPs (k
2) (3)
where NPs represents a \physical", \genuinely non-perturbative"component, which
one can assume2) to be restricted to low k2: in accordance with the OPE ideology
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of4), it induces an O ((2=Q2)n) power correction of IR origin, consistent with the













(where I extended I to innity, since the integral is dominated by low k
2). On the
other hand, the PTs piece is \unphysical", its role being to remove the Landau pole
in PTs , and has no a priori reason to be restricted to low k
2; generically (see below)






Besides an (ambiguous) O ((2=Q2)n) power correction of IR origin, parametrized













this piece will induce an (unambiguous) short distance O (2=Q2) correction, unre-
lated to the OPE, from the last integral in eq.(2). In particular, the range


























is a number. For instance, the simplest \minimal"













2) + PTs (k
2) (8)
gives bPT = −1=0. This example has the interesting feature that the time-like dis-
continuity of the regularized coupling coincides with that of the perturbative coupling,
and suggests a general ansatz (which has actually been suggested long ago in QED,









where the perturbative \eective coupling" PTeff (
2) is related to the \spectral den-
sity" of the perturbative coupling PT (
2)  − 1
2i
fPTs [−(
























2) is related to the discontinuity of s by eq.(10). Putting:
eff (
2) = PTeff(
2) + NPeff (
2) (13)









Contrary to PTs (k
2), PTeff(
2) in eq.(9) is likely to be IR nite, which explains7)
that PTs;reg(k
2) diers from PTs (k


















which is indeed IR nite5):
PTeff(




2 = 0) (16)











































and it is an important issue whether it is possible to disentangle these two types of
power corrections.
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For Minkowskian observables, it is necessary to introduce, instead of eq.(1), a













where F is the \characteristic function"2), i.e. the O(s) Feynman diagram computed















Concerning the \perturbative " power corrections, I quote the following result for an
analytic small 2 behavior of F( 
2
Q2
) (in which case the power correction can be shown







(2  Q2) (22)
then:
DPT (Q
2) ’ bPT d
2
Q2
(Q2  2) (23)
However, bPT is dicult to calculate, since it depends on the s beta-function to all
orders (similarly to IR renormalons residues).
As an application, consider the hadronic width of the  lepton. It is usually
expressed in term of the quantity R , itself related to the total e
+e− annihilation
cross-section into hadrons Re+e− by:
R (m
2




























which implies a leading 1=m2 power correction of UV origin:
RPT (m
2





For a numerical estimate, assume the \large 0" value bPT = −1=0, and take:  =
V = 2:3MS to be the Landau pole of the \V-scheme"








wich gives, assuming e.g. MSs (m
2




 ) ’ −0:063. One thus gets a
sizable correction with respect to the (principal-value) Borel sum estimate5) (still in
the large 0 limit): R (m
2
 )− 1 ’ 0:227 , or to the experimental value:
R (m
2
 ) − 1 ’ 0:20 (R is normalized as R = 1 +
s

+ :::). This result shows that
1=m2 terms could be at the same level as radiative corrections in  decay (where
standard power contributions of IR origin are estimated to be very small!). Note also
that a corresponding 1=Q2 power correction is absent from RPTe+e−(Q
2) (for which the
leading power correction (of UV origin) is only2) O(1=Q4)).
In conclusion, the removal of the Landau singularity is likely to induce power
corrections of UV origin (hence unrelated to, thus not inconsistent with, the OPE),
which a priori should be of similar size as higher order radiative corrections. An
important issue is to assess whether these corrections will modify in a signicant way
the standard IR power contributions phenomenology. As a rst guess, one might
expect them to be relevant in processes where many orders of perturbation theory
should be taken into account, such as inclusive  decay, or to handle the \perturbative
tail" of the gluon condensate on the lattice.
Similar remarks have recently been put forward by R. Akhoury and V.I. Zakharov
(hep-ph/9705318).
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